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= (54) Title: COMPOSITION FOR THIN-FILM CAPACITIVE DEVICE, HIGH-DIELECTRIC CONSTANT INSULATING FILM, 
= THIN-FILM CAPACITIVE DEVICE, AND THIN-FILM MULITLAYER CERAMIC CAPACITOR 

= (54) »«M*^ffl»i«ifc. isiim*i6«K. m&mmm*i$±xfmm»m*^T : >-# 

(57) Abstract: A thin-film capacitor (2) in which a lower 
electrode (6X a dielectric thin film (8), and an upper electrode 
(10) are formed in order on a substrate (4). The dielectric 
thin film (8) is made of a composition for thin-film capac- 
itive devices. The composition includes a bismuth laminar 
compound whose c-axis is oriented vertically to the substrate 
surface and which is expressd by a formula: (Bi 2 0 2 ) 2+ (A m . 
iB m 0 3in+1 ) 2 - or BizAn.iBn.Ojm+s where m is an even number, 
A is at least one element selected from among Na, K, Pb, Ba, 
Sr, Ca, and Bi, and B is at least one element selected from 
among Fe, Co, Cr, Ga, Ti, Nb, Ta, Sb, V, Mo, and W. The 
temperature characteristics of the dielectric constant are ex- 
cellent Even if the dielectric thin film is made more thinner, 
the dielectric constant is relatively low, and the loss is small. 
The leak characteristics are excellent, the breakdown voltage 
is improved, and the surface smoothness is excellent. 
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(57) Ktt: 

*v*jiWbi^£#U mm& : (Bi 2 0 2 ) 1 + 

(Am-! B« O 3o+ i) 2 ", ^feiiBi, A»-i B. 0 3 » + 3-^*^n. iiufEllJ&aS 
*<DsZ^mWffi1&, I2-^A*iNas K, Pb, Ba, S r\ C a 33«fcrj?B i 
51«n£'_i>&< £fc lo©5tiJls la^-B^Fe, Co, Cr, Ga N T i, Nb, 
Ta, Sb v V N Mo*J«fc^W^e.jl«n?.6t>^< i:* l-P©7C^T-feSo i3§« 
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m m m 

^■^>m^>^> (La 2 0 3 • 2 T i 0 2 K J-#>WM$& (ZnO • T i O 
2 ) s 3=-*>^^*^A (MgTiOa ) s Mik^Py (T i 0 2 ) > 3-9 
(Bi 2 0 3 • 2Ti0 2 ) > ^^>miJ^^M. (CaTiOa) s 
^>fXhD>f^A (SrTiOa ) r£¥<Drt)VP ^©n>5 s >+Mt 

K+lOOppm/Ws i§S^&/h£ (frhZl£4 0&m) s Miz 

mmm&*% <-&Zh (fei:iii9 0W±) s Um%k®:&*g <te%> (fzhZ.lt 
±7 5 Oppm/'Ctt±) flSfRj#<fc£o fzhx.lt. Las O 3 • 2 T i O 2 N Z 
nO • T i O2 N MgTiOa <Z>&&&8[ 2 5 °C N Wfippin/ 

°c) & N -6 0^ + 1 0 o ii/j^v^ 

(IMSlMHz, #&&&b) ^*i^*i3 5~3 8 N 3 5-3 8. 1 
6-1 8h'b-£<te% 0 ^<D~^ S fctx.yU TiOis B i 2 0 3 • 2Ti 
O2 s CaTiOsv SrTiOs -£1x^*19 0~ 1 1 0 N 104 
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— 110, 150~16(K 2 4 0 — 2 6 0 hjzg^ft. untff^taitiSft 
{±, ^tl?n-7 5 0s - 1 5 0 0, - 1 5 0 0, -3 3 0 0 ^<^o b 

TaOx (e=~3 0) bTtfcW3ft"CV>fc**> fl&©*m©BW6fe 

Jt««iS^S«*fc#o8MW*3m2:bTx (Ba, Sr) Ti0 3 (BST) 
^ Pb (Mgi/s Nbvs ) 0 3 (PMN) ^^HtV^So 

£ EI & £ t #7! § 3 ©^ i: * % £ & ft 3 o 
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Ufrb&#£>. fc£*J^>-h& (tHHttJlffl^-* h&m^X**V774 
;i/ a±£ h* * * - ^ 1^ - y if K: «t b 0 ~ h S U ^® 

iCrtfflJWBUBffl^— * hfcflrJfe'** — VCHJB'Jbfcftx Cities lJlT-o^s 

Jg©^WSK:J:-5^3--h-^rt8P«ffi«n«i;if©IB!«<P6> £ i: *. « 2 

bumssm^Ts «;T7^;i/A_t»c:^m#sffi^-^ h i:f*IgBm^ISJlJB^- 
■t^ 5. ^^=l>7 ^ >-t^^^1-^^^)llI^©^M : S*brv^§o 

UBS 56-14452 3^&$g> 3 3 5 1 7 3^$8s #Pl¥5-3 

3 5 1 7 4^&#B S 1 1- 2 1 4 2 4 #W 2000-1240 

5 6^«t) , int©Mtf±> cvd& */-w*y 

#k -a-^^•^?vM 2~1 3^@*©«M^©*>©b^S3it--2>^i:* s *t-§^ > 

- 3 - 



WO 03/021606 PCT/JP02/08574 

mmun^mmj w^je, j?M±^^w±m* (i 9 8 4) ©gS3^©jf§2 

3-7 7It^tJ:eHs SAA: (Bi 2 0 2 ) z+ (A»- 1 B» 0 3a+ i) 2 ~s 

f3^fA#Na N Ks Pb s B a> Sr s C a&.fcZFB i *>£>jifc£n.54>& < 
loo^ts IB-^-B^Fes Cov C r N Ga N T is Nb s Ta N Sb N V, 
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*jiw&&«KDctt (coon ism z&fomtettis-zmmzmmmtxmm 
^mm^mmmh: ^xvmmimwittmm-fz z tizz t> , -rttt>%m®.mfc 

"D&mfk (tand») U-^#^^-®^s W&M 

^®#:^jU:btfflv^^hK:J;bs «»i&£if J^T*^ 'hMXs 

mm^oum&mzmn, itiwis^^^wi^ >^>^m^x 

■?ttt>*>. *mw\z&& : mmmmm*mmm ! ®)i±s 

mm?mmm®x&-?x, 
mvx^xmmt'&yo&s m&&: (b± 2 o 2 ) 2+ (a.-i b» o 3 » +l ) 2 % 

?£fci£Bi2 Am- 1 Bm Oam+3 

#Na, Pb, B a, Sr s CajSiVB i*?>liitiS'M< lo© 
7U^s fB-^B^Fe, Co, Cr x Ga, Ti. Nb N Ta> Sb s V N Mo** 
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ttm. JE^m, mmmttw ci o o] ^tf&^ciafRib^ 

*a&K*/BV<*Tx HfifcSi: (Bi 3 O z ) 2+ (Am-i B» 0 8n . + i) 2_ > £tzl±B 

K, Pb, Bas Sr> C a^it>*B ifrbMteftZ'Pte < 1 o©tc*n 13 
^B^Fe, Cos Crs Ga, Ti, Nb, Ta s Sb, Vs Mofc«fctrW* 

**«?fc«F*b^*«x Wb* cMIBfRia^l 0 0%-e&<-tfcck^o 
L<{±9 0%JW±x b<ii 9 5%&L±~e$>2>o c$8|lBfa,K£ft±£-££ 

#£b<«\ mif3tr^v^*Wb^^^-r^m^*©m^s 2, 4, 6, 

•#£b<«U tulB^JK^i^fflmfiStJ^ #±StcSI (Sc, Y, La, C 
e, Pr N Nds Pnu Snu Etu Gd N Tb, Dy> Ho, E r N Tm, Y 
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Bi 2 A»-i-x Re x Bm O 3 m +s bfe^CSJ^Ts Tt&f3x{± N £?£L<fci: 
0. 01-2. 0, ^fetffSKSO. 1-1. #±St7D*«"S# 

& (As) &•> ±120 p pm/°C&l*j 5°C) Td53o 

Ms ^I$feiiWi«i^bt$So 

ffiffifSJl*) ttx [10 0] MtMbt^SCi:^^ Lv^„ 

Cioo] ^fittB^-r-sz:h-e> *©j:k:^$tta»«fr?i«s«trit*r*tr 

[ri ut n & ragjuireft mmvais x v a ti & m v> ft ^ > ? > v * * n 
isptzzomm**?^ mm&<Dum<m&izmtiz mmiztt-rzmmmcD 
^mtm^ mmum2 5 a cx*. ±i2 0p P m/w t.k.&^ *<dm 

0. 0 2WT) ^SC^t^ U-*8H£K:«*u (fet^.«m^lilS5 0 
kV/cm«bfcU-^t«#l x 1 O-'A/cm 1 ttK S^3— 1 
0%WT) s WE#[qLfcL 1 0 0 0kV/cm^±) „ 
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nits 'imx; mmmou&^mzmtis itm^nm&^^-o znm&mm? 

iHWi^Ol kHzWSi^CttkO^ «fi*#«t? 0 . 9~1. l)s 
*©«£n $|^«JE5 V7?0^a^Offii:©J:b^s KSMtt'CO. 9~1. 1) 0 
(fflfiSetcWt-SMMOWSe-fb*^ 2 5 °CXs ± 1 2 0 p p.m/ 

■cart) o 

g^D-f'f > W—hi:©iai©' : ti|BI«6«lK&^i:UT*«v>*i2i* s T5SaD 
ElB©tgi*L&iftBJi 

eg 3 itmmm i ©^ >5 s >-b-^>7-;v©^«^t4^^-r^^7 N 
%rossg«-rsfe«>©M©t8« 
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m 1 mmmm 

it4tbtil ^&^m<DA^^m (fe£*i^ SrTi0 3 m^Bs 

Mgommm, LaAio 3 &mm-&¥) s r^^yr^un 

X, m&B^ SiOa /Si&£) s ^(DtiKDtt®- (fefc;U£s ZrO z /S 
U CeOi/SiaW 15 it*Ss 3E#»n $4#li> 

#»»a2f© [loo] ^(ftttificiBiaiUTvVaas^fll^UT^acii:***?* 

tVN 0 S«4©JS^{±s »lC|R**iir> feiix.fi 1 0 0-10 OO/imgH-C 

hx.ii. CaRu0 3 ^SrRuOa 2£<D*«MMt5*K fc3V>f±Pt-$>Ru 
«iif©JI^JK7?«lfiKUT*Scik* $ »*U<N <fcD#*b<fci: [10 0] #<fcK: 
iefabfe#@te^b^&3M«*£®T-li/££n£o 36*4 4: bT [10 0]* 
4fcCBl&bTV'»*fc«>*fflV , >*fc% [10 0] #&HIBlR]bfe#m& 

tej&&ztiz>&ntitf$i&8<D [oo i] £ffi<^<DHfi& -r^to-fecittiBiRiS/?) 5 
aa*^** u if— (pld) m<z>yom$)MM&fcjs 

b<fc*5 0 O'C^iiL-r^-rSClt* 5 ^* bV^o 
»«4lC7' ; E;V7 7'^«»4fflV>S*'6-©TfflJ»ffi*lBl6 turtts fefcx\(i 

#ISS&J§^fc*6\ *©&B5fc [10 0] *<&K:SB[RlbfeTSP^^6^ 
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^com^T^mmmmetLxit, fctzit, & (au) s /^wa (Pd) s 

IS (Ag) ■&b~<Dm&M&frl±?nt>(D'&&<Dms -vtDV (Nl) , m (Cu) 

nu iD^b<i±5 0~10 0nmgS^5« 

K«#i*JK 8 &s #^IE©$gJ^Sfi^ffl^J»©-#lT- & b > m&&, : ( B 
i» 0 2 ) 2+ (Am-i B m Oa m+ i) 2 "\ lfei±Bi 2 A—i B» 0 3m+3 -?^n 

*tr^^jiWb-&«B*'&*"r a. — jftKix t^v^MMiis (m-i) 

B^-trteu uCD^a^t^^^M^tl© [0 0 1] #&^©IBn^ t"3fet> 
*&WXI±, vx^xMMb&VoocWmm&ifil o 0%T-&3C 

©> &m b<{±8 0%JW±x b<{±9 0%«± N $f>t^Sb<ii95 

%JW±#c«iffiiabT^;h,«j;vNo ^7Xft^7t;V7 7^t 

*^**ttft-^©cWIBiqiSE#s b<&8 0 %i^±T*^i^iiJ;v^o 

&WMm&tft8t £ ffl wc K * T^I^M & c ttlBffl £ * S B\ 
«b:^V^Ji«fb-&«J©cttiiBlRlS* s x b < 9 0 %W±, £t>*?2: b<» 
9 5 %feUtT*&;h,fcf < fcOo 
CiTTH^ e*V*Jf)R*b^©cttIBl*0& (F) fcl± s ^K^^A&BB 

iqj^btv>s^^^#:(Dc$A©x^iii*fBii 1 s : &p o m$&<D cmv>xmm$f 
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Bftfi&Pfcbfe»£\ F (%) = (P-P 0) / ( 1-P 0) x 1 0 0 ••• (:$ 

l) teZb&tbbtiZo AiwSPtt* (o o l) mfr<b<Dfcm&&i (oo 

1) CD^tfSI (0 0 1) &Wmm (hkl) *>£>©sm3£fiU (hkl) 
©•£§hS I (hkl) h©J£ ({SI (001) /SI (hkl)})^D, 
POCo^Ttil^it^S. fiU SClT?t±c«l*|qIk: 1 0 0%iaftb-tV>£i§ 

-6-eDXiRig*T9ftaEPS i *l u-ri^c ^k:9>^A*iaiSi& 
b-tv>£i§-£ (P = P o) F = o%T-fctK ^fcctt#iSufc:iBini£b*t 

V^»& (P= 1 ) K:Bu F=10 0%^5, 

#iqu -r&fr*. [ooi] *ffis*i*r*. ttf^^^swb^^c 

»«*©fift1#ttK:«ti*2:h*)K: N »m#*lK8(Z)fflt»*fc2iA« 1 0 0 nm 
$fc'i>-r*ifcJU }*9cQ (l/tan<5) iftf±±#-r& 0 

lltt^^^nts K«*©»£4$tt#lSl±-r*i:4:*^ (tanfi 

±133)^ Na, K, Pbs B S r, C a25ctTFB i frkitfcE 

*i3'J>&< fc* loOTi^T^Eg^^^o IWA% 2 o&±©7c**C#lJ56 

±f35fccK Fe, Cos Cr. Ga N T i % Nb s Tax Sbs V N 

Mo *«fcVW*6««tL* lo©70**C«lJ*$n* 0 fB^BS 

2ofcU:©^fi§^«ti$ir3%s-f;::fcv^ *ft6©Jfc*&estT«&3o 

^m##iK8{3{±, ttilE ^Y^|M-&iCM U Sc N La N Ce> 
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Pin NcU Pm, Sm s Eu s Gd N Tb, D y N Ho. E r N Tnu Yb$ 

^.ttm=4©»-&x ffiJERS; : B i » A 3 -x Rex B< 0 » efccfe^-Cs $f£b<}± 
0. 0 1^x^2. 0, b<&0. l^xSl. Htttt*ttR 

8Bu #±«7cfiiRe£*rb"0^< J:*k Mrs «fc 3 U-^ttttKHHt* 

J;D$fi;b<fci:5 x 1 O-'A/cm' WTktSuktfi;^ b*»t>^3 — 
£s (FSKttlOXWT. £b^2:b<&5%&T^S£ So 

fctlO'J-^iS^ »ib<tt5xlO-«A/cm ! «fc »> 3; b < i£ 

1 x 1 O-'A/cm 2 WT^t^^J:^^ b^^^a— b<tt 
5%WT\ i D*f* b < l± 3 %WTi:t 5 u i:^- S 5» 

iOJfSKttlOOnmttraa. fiUPCTRBliN J»©*S« 

&&3*m.T2>hs ffSU<ii3 0nmgg^5o 

gim#:#M8{i, feh^tlJIS-B 0 6 0 lCWlfeSSS^ (Ra) ifi, 
n & b < tt 2 nmWTv J: 0 b < & 1 nmWTU* So 

»«#*JR8"CHU 2 5°C (SI)«J;V*)IB»*10 0kHz (AC 2 0 
mV) Hilt^iS^^s lOOMSut^Ks <fct>$?£b<fci:l 5 
OJiUre&So 

Sim^m8"eti> 2 5°C (MS) fccfcTfiHSJilSafcl 00kHz (AC20 
mV) Cfefr«tafld#, 0. 0 2 WT^a&SC b<s J;{?$?^b< 

{±0. OlWTffeS. £fcs a^Qffi^s b < S± 5 0 «_t N J:t)$?*b< 
iil 0 0JW±T-^So 

Siftili8t(t ti&j&ft (fefcJU* 2 5°C) Tt?<Z>JB8MK^ fchxJf.l 
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««#:#«8TfH:s ttmmmk (fcfcfcfcfl OkHzv 10 0kHz, 1MH 
z&£) T-ecoMMME. (Wtiamm £s feb^.«5 Vlgtt^b^^t'bv 

0. 1 Vt©^l*©ItN S!l^mjE5 VC©M*©til.i:©Jfc&> 0. 9-1. 

d©«fc d 8 tts ffiJSift:*^** tf /VV^V 

— if— (PLD) ^ MOCVD (Metal Organic Chemical Vapor Deposit 

ion) &s *j>v7)is&izz<D&Mmmmm&*m^j&j&-rz>zii&'egZo 

«*©SK«M4Kl«ns2ifc4)^ »«##JIJI©IK»*;fcfciltil 0 0 nmfeTF 

8at> ^mmwm2 4 > 2 6t&&mzmikmwhx&\). ^i>m^mz 
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Oo Z2>T>Vmfo2 2<Z>WW»K:tts -MO^Mi2 8, 2 9«btfe 

iMJtk*^*. *©TOtt»K:R**ntev^ (0. 0 1- 

1 0mm) x* (0. 0 1-1 0mm) xft3 (0. 0 1 - 1 mm) 

2) o 

A»S«iK2 4,2 6 tt" ±«Ufctl 1SBW«©T»«WWI6 . ±S5« 
giRl 0 ^«« 2 8 » 2 9©*HIBU »K»3fe 

CaRuOa ^SrRuOa fe&D4MM«<b*; Cu^Cu^5 
^iiNi^Ni^O^ijPts Ags Pd^Ag-Pd^*^ 
JR;tt2rC«**n*. «KIB**nfcl^ 0-1 0 

OOnmffltitnB^. «MI3 OOttKtt* ttCBMESnftv^ fckA 

»I«l3>r>^2 0fc l«4a±C, ****** 

^^bt ijiB©rtSBm«i^i&2 4^bfe«x uOfiMiiS240i 

HBMKttHKS aWU C©»tKWM8 aO±C2IIOlWlWI2 

^»!CK«*n*»«4«»K8a*#«at3 0t?tft«-r*3 2:K:«J:t)N *&4 a 
±KlA«miiK2 4, 2 6 i:il«^#^8 fctfftSKHtRMdnfca^V 

^Sft2 2©MSSfc foKV^Wy^t^'^ ^gpmffi2 8, 2 
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^y-y- 2 o fcSUfc-r & c k *o 

0*Cl±x -5 5°C~+1 5 0°C©«l6HK:*W'5aftK:M-r*«« 

*<0¥*S«fli* (Ae) #x ±120ppmA^ (2ifc*P?&« 2 5 'C) 
££#$?3;b<> iDlf*b<ii+10 0ppm/«-efe5o 

T»tffifitft*CaRuO, ft [10 0] #{ftfc:i:fc:**3/*/Haft£* 
feSrTiOa JMAAWK ( <10 0) CaRuOa // (10 0) SrTiOs ) 

§8 0 owanaftufco caRuo 3 -r^mmnmomm^ wxis- 

VmmmzX, Nao.s Bi,s Ti* O,. (JIT, NBThfel9)» 
(£©B8ttfttJU Bi 2 A-i B. 0 3m+ aK:*V^, I3^m=4s 13^ 

As =Nao.s , Bi 2 .s *«fctFIB^B4 =Ti* titans) 
JHJP^2 0 0 nmONBTil S^Ufeo 

CONBT*K©»»«aSX|»ia#f (XRD) HJgbfcfcC^ [0 0 1] 
j&ttCBBfabTV^Clfcx t^SrTiOa f^SS«SI^btifii: 
cttKfabWSCfctfttlTCSfc. ^fes il0NBTii0i» (Ra) 
£ N JIS-B 0 6 0 1Cfbt> AFM (J»-?M*P«aiN -fe-fia— f>^V 
/M^yfctSU SPI 3 8 0 0) fi^bfco 

mz, NBTflO*®^ 0. lmm^©Pt±8P«ffi*JR*^s'^y> 

i%bfttzZi>7 : >y-y->7')]/<Dm%L¥?& (WIW.^ tand, a» u— 
*«Sfcx J/ a— HO 33«fc^m^©SS#t4^fFfiffibfco 
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mmm (3Mfr&b) «\ ay^yy-y-ynvvittv, t^lcr^-^ 

(YHP*t»4 2 7 4 A) £JBWT:> M (2 5°C) , WJfeJB88fel 0 0 kHz 
(AC2 0mV) ©*ft-eaS$nfcW*ikN 3>r>^>^©lit 

y-^«m«RH4 (WA/cm ! ) t±. «#M&&5 OkV/cm«bfe. 

2 5°Ci:Ufci:^ - 5 5 ~+ 1 5 0 ■c©»flfettHi«©**fc:*t"r 
*»«*©¥*S*-fb* (Ae) fc»fcU (ppm/°C) £JftHOfco 

T»«a*«fcft*CaRuO. S [110] #tift:3iK*:*i/ir/l>Jfcft3* 
fcSrTiOs ( (HO) CaRuO. // (1 1 0) SrTiOs ) 

fc»V^«*H\ H«6^1 tHiCbt^ Ca.RuOa T»WBM*©MiKK 
f^2 0 0nm®NBTfI (ig®#&18) Wbfco C©NBT»i©tti 
a^SX^tH^f (XRD) aS^bfcilil5s [1 1 8] ^ttfcKlRlLTS!). S 
r T i O 3 #«S»«OTfc:^ bTSfifc c ftkBffl bti^^ui: bfco 

^ut, mnmitmm^ nbt»h®^ (Ra) 21, 1^^^ 

rti&ffJ 2 

T*»Kitti:ft*CaRuO, & [111] #&K::^*^>-WW&^£-fr 
fcSrTiOs ( (111) CaRuO, // (1 1 1) SrTiOa) 

sfflVNfeJBi^tts tBHUfcur, caRuo 3 Tffimsm©MK:ii 

SD2 0 0 nm©NBTi)g (Mm##SH) ftJBfcbfc. H©NBT»K©*SII 
*»SX»[Il#r (XRD) SJjfebfcfcc:^ [1 0 4] ^ffifciB|qIbr*t)x s 
r T i 0 3 #^^OTCMbTSm^c«Ii3[RJb"CVN^VNC^^5t^bfco 
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zlx, mmmi^mm^, NBTi«©safi$ (Ra) ^ ii3>r>^ 









Ra(nm) 


(A/cm 2 ). 


(%) 






tan 8 




ggfegn 


[100] 


[001] 


0.6 


lXUf* 


5 


150 


+30 


<0.0Z 


>100 




[no] 


[118] 


4 


IXUf 6 


50 


170 


+150 


>0.01 


<100 




[in] 


[104] 


20 


1X10~* 


90 


200 


+200 


>0.01 


<100 



«*. ^fev Mltft fifl£««t#+3 Oppm/'CJi^m^/J^^OCs 

CaRuO, TSiiiKcSICWSfiS 5nmONBTlI 
MbfcW^lis ^SS0>J1 t»Lt> NBTflOil^ (Ra) t. 
IK3>r>iMJ->7;i/©i^ tan<5s H£Q0U 

DSJ^bfco 

ma 3 

CaRuOs T»«ffi»W©*®fcBtJW& 5 0 nmONBTfl 
S^Lfe^iis l£»J 1 fcHWIKbTx NBT»i®t? (Ra) t> 
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£^2 Kl^f o 

mmm4 

caRuo 3 T^mmmmomm^mmm i o o nm©NBTfi 

fig) H»J1 fclMtUfcUTs NBT»W$ (Ra) 





mm 

(nm) 


Ra (nm) 


(A/cm 2 ) 


WEE 
(kV/cm) 




(ppm/ID) 


tan 6 






35 


0.6 


5XUT 7 


>1000 


150 


. +30 


<0.04 


>25 




50 


0.6 


1X10" 7 


>1000 


150 


+30 


<0.02 


>50 


mmm4 


100 


0.6 


4X10" 8 


>1000 


150 


+30 


<0.01 


>100 



jb < & * * ©©s amm^ ^>»«*tt*-fb b& ^ c t tmm^ s 

&43s (Y. Sakashita, H. Segawa, K. Tomin 

aga and M. Okada, J. Appl. Phys. 73, 7857 
(1 9 9 3) ) T-{±, cffilBfRlUfcPZT (Z r/T i = 1 ) SEM©JBSJP^ » 
aafrfcCWf&J&^SFftTVkSo ECTfB^ PZTflCUP^BOOnm, 20 
Onm, SOnm^M^tiSC^^ (@ 1 kHz) #3 0 0s 2 

5 0 x 100t^'J>t5iB^^nt^5o :£i£2 (Y. Takeshima, 
K. Tanaka and Y. Sakabe, Jpn. J. Appl. Phy 
s. 39, 5389 (2000)) ftes a$fifiE|q] bfcB ST (Ba: Sr = 0. 

6:0. 4) mmomm^ mmmt(Dm&&mzfr-c\<^o ££*chu bst 

UB&OBMiP 1 5 0 nms 1 0 0 nnu 5 0 nm^UMib^fi^i^^Xs MM 
$tfl 2 0 0, 8 5 0s 6 0 0 fctt^-rfcttrntf^JVONSo ^3 (H. J . 
Cho and H. J. Kim, Appl. Phys. Lett. 72, 78 
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6 (1 9 9 8)) -C*&s aSOTBlHlbfcBST (Ba:Sr=0. 35:0. 65) 

8 0nnu 5 5nm, 3 5 nm^M^^C^-C> i» (@10kHz) 
#3 3 0, 2 2 0s 1 8 0 fctt^TfclSSW^SJVtV^. 

£tzs mmM2tz&&2>mM3 5 nmfc:feVvt%N Wffittl 0 0 OkV/cm 

IMIC/Jn^©^ 11*^1 5 0 fcttl&fifcfcS < s SagfctfB/B IN*** 

£1\ [10 0] ##fcKfab*t^4S r T iOa 0P£ 0 . 3 m 

m) 4 a (H12#Mo KTH«) «**U u®S«4 a±KBf^^->©^ 

RuOa SimffilfRSJOffl 0 0 nmtf^J*Ufc (>t* — >1) o 

^m#&l&8 afcbT©NBT^JBS£f£&£0!ll kH«fcbti»l OOnrnti 

sgbfeo ei©NBT^m©M B B H «^x^is]#f (xrd) $)£bfci:CL3s [o 

i©NBTII©i®ffl$ (Ra) 1 J:»Uti^bfetC5x 

0. 6nm*C<fc!K i®¥fttCintV^fco 

CONBTSiJBLhCW^^ — XO^^^^^**^ JVl>XU— if 
-if^Cts rtgpm@#^2 6iHt©CaRu0 3 Sitt«flg£flit# 1 o 0 
nmfMUfe — >2) 0 

tttftiK 8 a 2: bt ©N B Ti KtldtM 1 1 0 On 

m«bfco 

C*v6©^«***)3EbrNBT*JK*2 0JB»JB**fe. * bt\ **HSRfc 
BB*#nS^m^J^8 a®«B«i/ 'J *"Ct**n«ftIi 3 o-^tabt^ 
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4JgJ*U HlmmxfO. 5mmxl^0. 4 mmCil^ft^OflSl 3 

> 5= > +?- © it > t* ;v & # fe o 

^ n .> 3 -h^) &£%09 1 J:m^fFfiHibfei:C5x fgm*&15CK tan 
<5(i0. 0 2, n*Qm±S 0, U-^m$ltiil x 1 0- 7 A/cm 2 T-^Ds ^ 

Nao.s Lax Bis.s-x Ti* O l5 (NLBT) (C 

5$:Bi 2 A.-. B» 0»» + 8K:33V^s 13-*§m=4> IB^Aa = Na 0 .s Bi.. 

6 _ x , Lax SJ^IB^B* =Ti 4 tlt^W. uit> x=<K 0. 2 S 
0. 4 h^-fb^-yrfe) SfflV^ gjf^5 0nm©NLBT^)l & 

^3 





(x=) 


(A/cm 2 ) 


(%) 




0 


1 X to' 7 


10 




0.2 


5X10" 8 


5 




0.4 


5X10" 8 


5 
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j; u<«e*3H4 % mm b & 0 

ja»tk«H4t±x «T©J:5»c bTMbfeo as/^tf-frv^fcowtN m. 

(100kHz) T^©S'J^«:jE (EPinmffi) £ 0 . IV (1M5 
kV/cm) £>£5V (l«2 5 0kV/cm) ^T«^fb^^ #^SJET 

(S3^m^»2 5°C) U ^S^^ft^bfe^S®4^ 

g&T-t-<D«!i^«H£ 5 VfC^$tt*s ^«*©^^^fb b&^ 3 Jitffilig 

TSPtiilCiffl^s Sr (CuH..0 2 ) 2 (CbH 23 N 6 ) *s B i (CH 3 ) 
3 &TFTi (0-i-CsH 7 ) 4£K*4fcfflV^ MOCVDatts «fft50n 

m©s rB i 4 T i 4 o l5 (tiT^ sBTit*^) (n&mm&m&m 

GfcfifcsSjtBi. A»-. B» O a » + »K:*V^ f3-^m=4s ia^A 3 = Sr+B 
i 2 *5cfy r iB-^B« =Ti 4 tbT^W) S^l/fco 

C©SBTi»«fl>«»*a*Xllia»f (XRD) SjJgbfefcdSx [0 0 1] 
^'Cfc^IBlSfl bT V"> 3 CI. iis t^fc^SrTiOs fgiSSiiSl^^fifi^ 
c#iaiqIbtVNSCt^SS^T*gfeo ^fcs uOSBTi»*« (Ra) 

bt^ mM#14 (i§tt¥> t anfi, »&Q^ U-^m^ ->3-b*) *«t 
VW«a|8©SA«ftS&ffNllfibfco £ ft 4 KaVTo 

&4 
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mm 

(nm) 


Ra(nm) 


(A/cm 2 ) 


WjEE 
(kV/cm) 




(ppm/C) 


tan 6 






50 


0.7 


1X10" 7 


>1000 


200 


-150 


<0.02 


>50 




50 


0.5 


5X10" 8 


>1000 


50 


-500 


<0.02 


>50 




50 


0.7 


1X10" 7 


>1000 


200 


-100 


<0.02 


>50 



mmm9 

TStffiiI©*iSCs Bi (CHs) sMSr [Ta (OC 2 Hs) ,1 2 £H 
MOCVDiSCts »50nmOSrBi 2 Ta 2 0» (WTn SB 
Tiifefa) «1R (MBimaMMWIt) («J*5* •• B i» A-i B. 6.. + afc:fc^ 
ts |3-^m=2 s B*Ai =Sr*5cfcD t B 2 = Ta 2 tbt^W) ft^b 

z<DSBTmm<D&M>nm&xu®%t (xrd) a^bfe^^ co o i] 

oMrtbW*Cfc#Wt?*fc. u®SBT»«^ (Ra) 

bt\ S^ttl tan<5, SHfeQflU 'J-ft* 5/a->*) *5«fc 

1 0 

TfiB*ffi»lR©M^> lz-lfUetftCTx C aB i 4 T i iO >i (WT> 

CBT i h%S5) titffefc (C'OttlSfrttx fflt^Si : B it A— i B m Oa. + sfc 
*5V^ IB^m=4, IB^A 3 = C a + B i 2 £ £T>*ffl^B4 =Ti 4 t. bTi£2 
MS) ^JjRft^fflV^r. »5 0nmOCBTiiI (lfiS»***&»fflt) £B 

C©CBTi*«©«S»«afi«X»ISl#f (XRD) fciJ^bfciiC^ [0 0 1] 

cttBBfabTV^ifctfttB-CSfc. *fes COSBTfUOiW (Ra) 
£s HJfi^J 1 b-C«fl^bfco 
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i^tf^ •VXmmk'&W, (Bis 0 2 ) 2+ (A.-. B» 0 Sm+1 ) 

Sfc&Bi* A«-i B. Oa»+.7fS*nx HWBIftJ^iC^OBB^m^ft, IB* A 
#Na, Pb s Ba, Sr^ C a* £VB i#6»«n*2J>&< fcfc 1 
tc*n IB-^B^Fe N Cck C in G ax T i N Nb, T a N Sb. V N Moj3 

3. ^±!®7cffi (Sc> Ys La, Ce, Pr s Nd, Pm s Sm, 
Etu GdU Tb % Dys Ho, Er> Tm> Yb ft iVL U2>&$ifcf;rv34>£ 

±z A»-i-x Re x B m Os.+afc&bfcW'&K^T* .fc&lBxtfx 0. 0 1-2. 
5. S5fBtf^v^jiJKYb^^^1~Sjffl^tp©mds> 2, 4, 6, 

8 ©v^ -rti*^* zm&m i~4 ©v^-rn^^i3«©^^a*^«a^o 
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gt^YXlttft^^ JfiJSSSG: (Bi 2 0 2 ) 2+ (A»-i B m 0 3n . + i) *"\ 
tfc{±Bi 2 Am-i Bm 0 3 » + 3-C*S£tu ii5iBi&E£5$ *©fB#m;&*$g&> 13-9 A 
#Na, K, PK Ba, Sr. Ca43J;t5B i*»e>m£ftS'J>fc< fcfc 1 
tg** I3-^B4SFe, Co, Cr, Ga, T is Nb, T a, Sb, V> Mo* 

8. ■mmnmmMm^mmmm^ %±m™m (sc y n La, c 

e, Pr, Nds Pnu S nu Eu. Gd, Tb, D y\ Ho, E r> Tnu Y 

Biz Am-i-x Re x Bm 0«» + ai:&Ufc»&K::j3VvC* SMBxtfx 0.0 1- 
2. OTf»aW*3®8klg3*©iitlR§**^o 

1 0 . >J>-&< hb- 5 5°C~ + 1 5 0"C©a&*5H£:i3tt3aflEK:** 
-TSSlWO^&fbals (Ae) *» N +1 2 Oppm/TOfi 2 5 °C) 

1 1. tf^l3SiK* s T^;^7r^*^*4-c•^fi5^i^ > t:v^stt^]S6-l 0 

12. EMBR^tt^©/?*^ 5-1 0 0 0nmt-$ai3lcl6~l 
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13. tuiHt^ ^xmmb&w%nj&-r&ffi.mj£*<Dm&^ 2, 4, 6, 
8 ©^-rtufp &m 6~i2 o^-rn^tiBtt^^M^a^o 

1 4. BulBT^PafiS^s [10 0] #<£K:ii&iB»fc±Wt:*^>^ 
j&ric x *) Bj&vx&zm&m 6 ~ 1 3 m^fr^KlfBS^^iBI^S^o 

& 5 mmmm ^ > 5 s > y-x- & o t\ 

tfflHtf^V^SWh^A 5 . (Bi 3 0 2 ) 2+ (A m -i B m 0 3 » + i) 

*\ SfeiiBi! A— 1 B» 0 3n+3 t'^$tiv mfBBiffi^^^IB-^m^^ IB 
-s§A#Na. K, Pbs Ba, Sin C aj3 £tfB i *£>38«ft*<J>& < hfc 1 
o©7C*s IB-^-B^Fex Co s Ga, T :U Nb. T a. Sb, V. M 

1 6. taiBtr^T^swb^ocWSBfRjS^s o%w±-c-&£c£: 
17. mmtm&mm^Rto&yow* ^±mybm (sc, y s La, 

Ce N Pr, Nd N Pnu Snu Eu N Gd, Tb, D y s Ho, Er, Tnu 

tfcfi 1 6 \zmm<z>nmim^ y^yy-o 

1 8 . «riB#±»7S**R e h U tulBtf^^^SWb^^W^; 
£Bi 2 Am-i-x Re x B. 0 3 » +3 J:^:'l/£:^-£-t:fev>Ts mflBx^ 0.0 1 
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1 9 . dl>$s < 5 5°C~ + 1 5 0 °C(DUM%&Btei3tf ZffiMKM 
*2>nW&<0¥-1%&<h& ( A £ ) # N ±12 Oppm/'OT (MM 2 5°C) 
-e&£!»*Jll 5-1 8 <D^iTi\fr\zJBm<DWlB&tM=' 

2 0. tMBrttt*ffftK*^ ft&Jff. 

2 i . tfrfaafeRtfr^v? T^tt^-cfcrifc^ft"^*!*^ 1 5 ~ 2 

2 2. B&fB^S^M©iP^^s 5-1 0 0 0nm-5SWS15 

~2 i©v^n*fcre«©?*j^JB3>^i'tf-o 

2 3. ISI3^T^lWb^lSMt5«')'©mi s , 2, 4, 
6, 8©V^ft7tM?&*W:fcJSl 5~2 2©^-f *vfrK:B3tt©^*Ji3>^> 

2 4 . iiufai*JSBW!^$l#s [10 0] a 1 

5-2 3©V^n*Hc:fB*5©*t^Jf ^ y^v-tJ-o 

|||K^771WIS6«^ ttJ&g: (Bi 2 Ob ) !+ (An,-! B- 0 3m+ 0 2 % 
|fc{±Bi 2 Am-i B» 0 3 » + 3^ti> M13$a^5Si*©I3-^m«ISJs IB^A 
#Na N Ks Pb s Ba N S r s C a*5 cfcl^B i t>m&HZ>'J>l£ < h $ 1 ^>© 
7C^ N fB-^B*sFe N Co, Cr N Ga s T i> Nb s T a, Sb, V N Mojo 
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26. tftmvx^xmMb'&mocmmmm&s o%&±x&zzt. 

27. mm±^, Tumm, mmimm&&v±&wm&m&&*f&\s 

^tf WblM£)#s t&ti&i: (Bi 2 0 2 ) 2+ (A-i B» 0 3 .» + i) 2 S 

#Na, K, Pb N B a N S r> C a^itfB i fr6»tt*l4«l>& < fc* 1 ^<*> 
tc^s IB^B^Fe, Co, Cr, Ga, Tis Nb, Ta N S b N V, Mo^ 

2 8. i&IB^V^*Wb-&«I©c«liBfilK**8 0%W±T-fe^>^t 

2 9 . 'J>&< 5 5°C~+ 1 5 O'COSfieiSHte^fcJ'aSLKCSt 

■T5^m^©¥19^h^ (Ae) #s ±12 0 ppm/°C«rt (^ipMS2 5°C) 

iK^V^Wft^ (Bi 2 0 2 ) 2 + (A.-i B. 0 3 » + 0 2_ s 
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Mo 

3 2. HulBtr^^^iiWti^^ #±»7p* (Sc. Y, La, C 
e, Pr N Nd. Pnu Sm> Eu, Gd, Tb, Dy, Ho. E r, Tnu Y 

3 3 . HirlB#±»7C*£R e t U UffiK^V^IttM©^ 
§Bi 2 A-i-x Rex B» 0.. + ,J:*Lfcl^C*^Tx huIBx^ 0. 0 1 
~ 2 . Otfe * tt^3H 3 2 KlflBtt© Iil«S. 
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